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A recent experiment [1] reported for the first time the preparation of a Fermi degenerate gas of
polar molecules and observed a suppression of their chemical reaction rate compared to the one
expected from a purely classical treatment. While it was hypothesized that the suppression in the
ultracold regime had its roots in the Fermi statistics of the molecules, this argument is inconsistent
with the fact that the Fermi pressure should set a lower bound for the chemical reaction rate.
Here we develop a simple model of chemical reactions that occur via the formation and decay of
molecular complexes. We indeed find that pure two-body molecule losses are unable to explain
the observed suppression. Instead we extend our description beyond two-body physics by including
effective complex-molecule interactions possible emerging from many-body and effective medium
effects at finite densities and in the presence of trapping light. Although our effective model is able
to quantitatively reproduce recent experimental observations, a detailed understanding of the actual
physical mechanism responsible for these higher-order interaction processes is still pending.
Introduction. Polar molecular gases, offering tunable
long-range interactions and a large set of internal de-
grees of freedom, are an ideal platform to explore a wide
range of many-body phenomena that are difficult to ac-
cess in atomic systems. The prerequisite for many of
these explorations is the preparation of quantum degen-
erate samples, which has been one of the most challenging
goals in molecular physics over past decades [1–5]. Ma-
jor challenges arise due to the complex molecular internal
structure and the rapid loss caused by chemical reactions
which prevent the application of standard cooling tech-
niques for atoms [2, 6].
The use of spin-polarized fermionic molecules facil-
itated experimental efforts to reduce the undesirable
chemical reactions as in these systems the collisions are
dominated by p-wave scattering. In this case, accord-
ing to the Bethe-Wigner threshold law [7–9], chemical
reactions are partially suppressed by the centrifugal bar-
rier resulting in a loss rate that scales linearly with tem-
perature T . A quantitative analysis using a multichan-
nel quantum defect theory (MQDT) [10, 11] captured
this behavior with a universal decay constant which well
explained the experimentally observed decay rate in a
gas of KRb molecules prepared in the classical regime
(T > 0.5TF , with TF the Fermi temperature) [1, 6]. How-
ever, the Bethe-Wigner threshold law has been shown to
fail in a recent experiment [1] which prepared for the
first time a quantum degenerate gas of KRb molecules
in a 3D dipole trap reaching temperatures below 0.3TF .
Deep in the quantum degenerate limit (T < 0.5TF ), a
significant suppression of the loss rate compared to the
one predicted by the MQDT theory was observed and
conjectured to be a consequence of the underlying Fermi
statistics. Yet, this explanation is inconsistent with the
naive expectation that, as the temperature vanishes, the
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FIG. 1. Schematics of the reactive collision processes. (a)
Two KRb molecules coherently collide in the p-wave channel
with rate Gj to form an intermediate complex K2Rb2, which
subsequently decays to the reaction products K2 and Rb2 at
a rate γj . If the complex decay rate γj is the fastest pro-
cess, as for KRb molecules, the complex can be adiabatically
eliminated, giving rise to an effective two-body decay. (b)
This recovers the standard picture of direct chemical reac-
tions via p-wave inelastic collisions, where chemical reactions
occur with unit probability at short-range inside the centrifu-
gal barrier. (c) Additional (in)elastic complex-molecule col-
lisions with rate αgG
j(αγγj) effectively generate three-body
molecule processes which can suppress the two-body molecule
decay rate.
Fermi pressure sets a lower bound for the p-wave reac-
tion rate, which would instead lead to a rate higher than
the one predicted by purely classical arguments. The
observed suppression therefore requires an explanation
more profound than just Fermi statistics.
Recent experiments [12, 13] moreover revealed that
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2even in reactive molecules such as KRb, chemical re-
actions occur via the formation of a transient complex
whose properties may affect the collision outcome. These
observations therefore have opened the possibility of
richer chemical reaction processes[14].
Here we provide a possible explanation of the observed
chemical reaction suppression at ultracold temperatures
by developing a theoretical many-body framework that
accounts for the formation of molecular complexes. The
large decay rate of the complex [12, 13] allows us to
adiabatically eliminate the complex, and obtain an ef-
fective two-body decay of the molecules which recovers
the standard description of KRb chemical reactions. We
analytically solve the rate equations, accounting for both
heating effects and quantum Fermi statistics. We ob-
tain a decay rate that is in agreement with the classical
Bethe-Wigner threshold laws above quantum degeneracy,
and also valid in the ultracold quantum regime. How-
ever, this model fails to capture the experimental obser-
vations in the quantum degenerate regime. We there-
fore turn to an effective description, modelling beyond
two-body physics by including effective elastic and in-
elastic complex-molecule interactions possibly emerging
from many-body and effective medium effects at finite
densities and in the presence of trapping light, which can
generate a loss suppression mechanism alike to the one
observed in the experiment.
The model. We begin by deriving a framework in-
cluding an intermediate complex, whose existence has re-
cently been experimentally demonstrated [12, 13], formed
via the collision of two molecules as illustrated in
Fig. 1(a), which recovers standard chemical reaction rate
equations.
We consider N fermionic molecules, with mass m con-
fined by an external potential V (r), which for simplicity
we first set to be a simple square well that defines a con-
finement volume V . In this system momentum ~k is a
good quantum number. For molecules prepared in a sin-
gle internal quantum state, p-wave scattering dominates
the collisions at ultracold temperatures due to Fermi
statistics, which is, thus, the only partial wave we in-
clude. Assuming there are multiple channels to form a
complex (each denoted by j) the collision processes can
be modeled by a simplified master equation
dρˆ
dt
=
i
~
[Hˆ, ρˆ] + L(ρˆ), Hˆ = Hˆsingle + Hˆint (1)
Hˆsingle =
∑
j,k
Ebj,kbˆ
†
j,kbˆj,k +
∑
k
Eckcˆ
†
kcˆk (2)
Hˆint =
∑
j,k,k′
~gj√
V
|k − k′|(bˆ†j,k+k′ cˆkcˆk′ + h.c.), (3)
L(ρˆ) =
∑
j,k
γjL[bˆj,k] ρˆ, (4)
where cˆ†k(cˆk) is a fermionic creation(annihilation) op-
erator of a molecule with momentum ~k, bˆ†j,k(bˆj,k)
is a bosonic creation(annihilation) operator of a com-
plex formed via channel j, Ecj,k = ~2k2/(2m) and
Ebj,k = ~2k2/(4m) + Ej the single-particle energies of
the molecules and complexes respectively, with Ej the
binding energy of a complex. The parameter gj sets the
complex-molecule collision strength and γj is the com-
plex decay rate. The Lindblad term, L[Oˆ]ρˆ = Oˆ†ρˆ Oˆ −
1
2 (ρˆ Oˆ
†Oˆ+ Oˆ†Oˆρˆ), describes the action of an operator Oˆ
on the density matrix ρˆ of the complex-molecule many-
body system.
From the master equation one can obtain equations of
motion of the relevant observables. Since for the prob-
lem of interest the initial state has zero coherence terms
〈cˆ†kcˆk′〉 = 0 and 〈cˆkcˆk′〉 = 0 for k 6= k′, these terms
can be neglected during the dynamics giving rise to the
following equations:
d〈nˆk〉
dt
=
∑
j,k′
2Gjk,k′ Im[〈bˆ†j,k+k′ cˆkcˆk′〉] (5)
d〈bˆ†j,k+k′ cˆkcˆk′〉
dt
= i
(~|k − k′|2
4m
− Ej/~ + iγj
)
〈bˆ†j,k+k′ cˆkcˆk′〉
+iGjk,k′
(
〈nˆbj,k+k′〉 − 2〈nˆknˆk′〉
)
(6)
d〈nˆbj,k〉
dt
= −2γj〈nˆbj,k〉 −Gjk,k−k′ Im[〈bˆ†j,kcˆk′ cˆk−k′〉] (7)
with nˆk = cˆ
†
kcˆk, nˆ
b
j,k = bˆ
†
j,kbˆj,k and G
j
k,k′ =
2gj√
V
|k − k′|.
The mean complex decay rate γ has been measured to be
2pi × 4MHz in free space and even larger in the presence
of trapping light [13]. Because this rate is much larger
than any other energy scales of the molecular gas [1], we
can adiabatically eliminate the complexes, and set to zero
the left hand side of Eq. (6) and 〈nˆbj,k〉. The complex-
molecule coherence term then obeys: 〈bˆ†j,k+k′ cˆkcˆk′〉 ≈
−i 2G
j
k,k′
(γj−iEj/~) 〈nˆknˆk′〉 ≈ −i
2Gj
k,k′
(γj−iEj/~) 〈nˆk〉〈nˆk′〉 [15]. Us-
ing this in Eqs. (5) and (7) recovers the standard equa-
tions that describe direct chemical reactions, if we iden-
tify the p-wave collision parameters in terms of the real
and imaginary parts of the scattering volume b3im,re as fol-
lows: gim ≡ 3pi~b3im/m =
∑
j 4g
2
jγj/
(
γ2j + (Ej/~)2
)
and
gre ≡ 3pi~b3re/m =
∑
j 4g
2
j (Ej/~)/
(
γ2j + (Ej/~)2
)
(see
[15]). The real part describes elastic collisions that ther-
malize the system, and the imaginary part gives rise to
the reactive collision rate [16] as illustrated in Fig. 1(b).
We observe that in the limit of a large decay rate γj  gj ,
we are in the quantum Zeno regime [17–19] where the de-
cay of the molecules is limited by the formation of the
complex, and in fact, is suppressed with increasing γj .
We find that the dynamics of the particle decay is
mainly determined by the inelastic part since the elas-
tic collisions conserve the total particle number and only
slightly affect the decay rate by redistributing the mode
population (see details in [15]). Thus, in the following
discussion, for simplicity we set gre = 0. In this case the
3corresponding rate equations simplify to
d〈nˆk〉
dt
≈ −
∑
k′
Γkk′ 〈nˆk〉〈nˆk′〉, (8)
with Γk,k′ = 4gim|k − k′|2/V . The complex population
adiabatically follows the molecule population as 〈nˆbk〉 ≈∑
k′ Γkk′/(2γ) 〈nˆk〉〈nˆk′〉.
We can easily generalise Eq. (8) to any type of trapping
potential V (r) by considering the corresponding single-
particle eigenmodes. Explicitly,
d〈nˆn〉
dt
≈ −
∑
n′
Γnn′〈nˆn〉〈nˆn′〉, (9)
dN
dt
= −
∑
n
d〈nˆn〉
dt
≡ −ΓN2 (10)
where nˆn = cˆ
†
ncˆn denotes the molecule population op-
erator in mode n, Γnn′ is given by an integral over
eigenmodes n and n′ (see [15]), and we defined the
time-dependent averaged particle decay rates as Γ =∑
Γnn′ 〈nˆn〉〈nˆn′〉/N2.
Comparison with Experiment We now apply this de-
veloped framework to the experimental conditions, as-
suming a 3D harmonic trapping potential of the form
V (r) =
∑
i=x,y,zmω
2
i r
2
i /2 with ωi the trapping fre-
quency in the i-th direction. We also assume bim = 118a0
(a0 = 5.29×10−11m) for KRb molecules as calculated [11]
and experimentally verified in the classical temperature
limit [1]. In addition to the total particle number N(t),
we study the density n ≡ N/V , the volume V , defined
as V = 8pi3/2(σxσyσz) with σi the standard deviation of
the density profile in the i-th direction, the total energy
E and the energy density  ≡ E/N .
To develop an analytical understanding, we explore the
scaling relations of the averaged decay rates and the vol-
ume. For an equilibrium system at temperature T , the
population 〈nˆn〉 obeys the Fermi-Dirac distribution, from
which the energy density , Γ and V can be obtained as
a function of T . As shown in Fig. 2 (a), in the clas-
sical limit T & 0.5TF , the energy density  in each di-
rection is kBT in the harmonic trap in accordance with
the equipartition theorem, giving rise to  = 3kBT ; in
the quantum degenerate limit T . 0.5TF ,  is higher
than the one predicted by a classical scaling since the
Fermi energy remains finite at zero temperature due to
quantum statistics. As demonstrated in Fig. 2 (b), the
scaling relations, Γ ∝ −1/2 and V ∝ 3/2, written as a
function of , are universal over the whole temperature
range, whereas only in the classical regime the replace-
ment → T is valid as shown in Fig. 2 (b.ii) and (c.ii).
During the non-equilibrium decay dynamics these sim-
ple relations derived in equilibrium are not necessarily ap-
plicable. Notwithstanding, they are found to keep hold-
ing during the full dynamics as benchmarked by numer-
ical simulations (see [15]). We attribute this partly to
the fact that in a harmonic trap the initial Fermi dis-
tribution remains approximately unchanged during the
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FIG. 2. Thermodynamic scaling relations in a 3D harmonic
trap: (a) Average energy density, , (b) Γ and (c) average
volume, V . Numerical results are shown as blue dots, and
analytical scalings as a function of energy density [red lines
(bi,ci)] and temperature [black lines (bii,cii)]. Only the scaling
in terms of  remains valid in the quantum degenerate regime.
dynamics by the balancing between the local density and
the p-wave decay rate: the low energy modes with a low
p-wave decay rate concentrate at the trap center where
the density is higher, while the high energy modes with
faster decay rates, concentrate at the edges where the
density is lower, making the effective decay rate nearly
uniform through the cloud.
In the experiment there is additional heating as parti-
cles are lost (see [15]) similar to the one observed in prior
experiments [20]. Here we phenomenologically describe
these heating processes by a background single particle
heating rate 3kBhbg acting as:
dN
dt
= −ΓN2, d
dt
= 3kBhbg, (11)
where V = V0
(
/0
)3/2
and Γ = Γ0
(
/0
)−1/2
, and the
subscript 0 denotes the values at t = 0. The dynamics of
the density n(t) can be analytically obtained as
n(t) ≈ n0(1 + 3kBht/0)
−3/2
1 + 2Γ0V0n0
√
0
(√
0 + 3kBht−√0
)
/(3kBh)
.
(12)
From this expression the density decay rate, which
was the fitting parameter used to characterize the de-
cay rate in Ref. [1], is predicted to be at short times
β0 ≡ Γ0V0 ∝ 0, and thus proportional to the energy
density. In the classical limit, it recovers the results of
the Bethe-Wigner threshold law since  = 3kBT . In the
quantum degenerate limit, the decay rate saturates to
the Fermi energy kBTF instead of decreasing to zero.
To directly compare with the experimentally extracted
rates, we numerically extract the decay rate β0 as the
best fit of n(t) to Eq. (12) for the corresponding initial
conditions (see [15] for detailed fitting procedures). As
shown in Fig. 3, the theory resuls are flat throughout
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FIG. 3. Comparison of theory predictions considering pure p-
wave molecule-molecule collisions without (red dots) or with
(blue dots) additional complex-molecules collisions assuming
α = 8 × 10−20m3, and experimental measurements (black
dots). Each dot corresponds to different experimental runs
with slightly different conditions ([15]). The theory (experi-
ment) β0/(/3kB) is obtained as the best fit of the theoreti-
cally derived (the experimentally measured) n(t) to Eq. (12).
The error bars include uncertainties in the experimental mea-
surements and the standard deviation from the fitting proce-
dure (see details in [15]). In the classical temperature limit,
both the theory and the experimental results are approxi-
mately constant, in agreement with the universal prediction
[11] indicated by the gray band accounting for 8% errors in
the scattering value b3im. In the quantum degenerate limit, the
model including the complex-molecule collisions can quanti-
tatively reproduce the observed suppression.
both the classical temperature and the quantum degen-
erate regime, while the experimental data shows a strong
suppression in the latter. We note that both represent
an enhancement compared to the classical expectation
where the decay rate would vanish in the zero tempera-
ture limit.
Beyond two-body molecule loss Having established that
pure two-body molecule decay is insufficient to explain
the experimentally observed suppression, we consider
more complicated interaction processes in our model. A
change of the effective loss rate in our framework requires
either the coherent coupling of molecules to complexes or
the incoherent decay of the complexes themselves to be
modified. Modifications to the former may arise from
higher-order elastic interactions between molecules dur-
ing complex formation, while modifications to the later
could arise from inelastic complex-molecule decay chan-
nels due to for example light-assisted collisions. In fact,
recent measurements of complex decay rates in KRb
[13] as well as other non-reactive molecules [21] observed
significant enhancement of the complex decay rate via
photo-excitation processes.
In the following we explore such type of (in)elastic col-
lisions between molecules and the complex, as illustrated
in Fig. 1(c). To connect to Eq. (4), for simplicity we
start again by considering a homogeneous gas and model
these processes by adding the following terms in the mas-
ter equation
Hˆ ′int =
∑
j,k,k′,k′′
~αg
2V
Gjk,k′
(
bˆ†j,k′+k′′ cˆ
†
kcˆkcˆk′ cˆk′′ + h.c.
)
,
L′(ρˆ) = αγ
∑
j,k,k′
γjL[bˆj,kcˆk′ ] ρˆ/V, (13)
where the parameters αgG
j
k,k′/V and αγγj/V , which
have the unit of s−1, parametrizes the rates of three body
elastic collisions and the molecule-complex decay respec-
tively. After adiabatically eliminating the complex, these
terms result in a modification of the two-body decay rate
and an additional molecular three-body decay term [15]
d〈nˆk〉
dt
≈−
∑
k′
(
1 + 2αgn
)(
1 + αγn
) Γk,k′〈nˆk〉〈nˆk′〉
−
∑
j,k′,k′′
αγ
2V
Γk′,k′′〈nˆk〉〈nˆk′〉〈nˆk′′〉,
(14)
where n =
∑
k′′〈nˆk′′〉/V = N/V is the density of the
molecular gas and we assumed Ej  γj . Consequently,
the total number of molecules follows
dN
dt
≈ −
∑
k,k′
ΓPk,k′〈nˆk〉〈nˆk′〉, (15)
where the modified decay rate becomes ΓPk,k′ ≡ Γk,k′
(
1+
(2αg−αγ/2)n
)
, with an effective inelastic scattering pa-
rameter gPim ≡ gim
(
1 − αn) and α = αγ/2 − 2αg. Thus,
counter-intuitively the additional loss due to complex-
molecule collisions results in an effective suppression of
the two-body loss due to the quantum Zeno effect which
suppresses the population of the complex for larger loss
rates.
For a gas trapped in a 3D harmonic potential this den-
sity dependent scattering strength gPim generates an effec-
tive loss suppression in the quantum degenerate regime if
α > 0 as the gas becomes denser with decreasing temper-
ature. In a system with a fixed particle number, where
the change in density is directly correlated with the aver-
age volume, this suppression of the decay rate is tied to
the temperature dependence of the average volume, see
Fig. 2(c), reflecting the underlying Fermi statistics.
In Fig. 3 we demonstrate that this effective model can
reproduce the experimentally observed suppression when
choosing α = 8 × 10−20m3. However, we note that this
corresponds to an inelastic collision rate αγγ between
molecules and the complex which exceeds the unitary
limit. In contrast, the elastic term αgg is in principle fea-
sible, but requires a coherent three body process, rather
than the conventionally expected pure loss in a three-
body collision [22, 23]. A full explanation of the underly-
ing many-body framework responsible for the emergence
of this terms, either from quasi-particle dressing and in
medium interactions, or direct multi-body or light as-
sisted collisions is still pending.
5Conclusions and outlook We have developed a theoreti-
cal framework that accounts for the formation of an inter-
mediate molecular complex to study the reactive dynam-
ics of a quantum degenerate gas of polar molecules. The
first part of this work considering pure p-wave collision of
the molecules establishes a decay rate proportional to the
energy density of the gas, extending the classical Wigner
threshold law to the quantum degenerate regime, and
predicts a flat behaviour at low temperature enhanced
compared to the linearly in T vanishing classical predic-
tion. However, as two-body molecule decay processes
mediated by the formation of complexes alone does not
reproduce the experimentally observed behaviour in the
quantum degenerate regime, we considered beyond two-
body molecule collisions. By including elastic or inelastic
higher order complex-molecule interactions we are able to
reproduce the experimental observations. Nevertheless,
it seems unlikely that the actual origin of these terms
are direct complex-molecule collisions. Instead they may
emerge from many-body effects in the presence of trap-
ping light. We hope that our conclusions can stimulate
further theory work understanding the microscopic origin
of these effects and experimental work that can directly
validate or refute our predictions.
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I. DERIVATIONS OF THE RATE EQUATIONS
Here we first derive the equations of motions described by Eq. (1-4) in the main text. We defineAˆk,k′ = aˆk aˆk′ and
Cˆk,k′ = aˆ
†
k aˆk′)
d 〈bˆ†k,j bˆk′,j′〉
dt
= i
(− Ej + Ej′ + |k′|2 − |k|2
4m
)〈bˆ†k,j bˆk′,j′〉 − (γj + γj′)〈bˆ†k,j bˆk′,j′〉
+
i√
V
∑
k′′
(
gj′ |2k′′ − k′| 〈bˆ†k,jAˆk′′,k′−k′′〉 − gj |2k′′ − k| 〈Aˆ†k′′,k−k′′ bˆk′,j′〉
)
(16)
d〈Aˆk,k′〉
dt
= i
|k|2 + |k′|2
2m
〈Aˆk,k′〉+ i 2√
V
∑
j
gj |k − k′| 〈bˆk+k′,j〉
+i
2√
V
∑
k′′,j
gj
(
|k′′ − k| 〈Cˆk′′,k′ bˆk′′+k,j〉+ |k′ − k′′| 〈Cˆk′′,k bˆk′′+k′,j〉
)
(17)
d 〈bˆ†k′′,jAˆk,k′〉
dt
= i
(2|k|2 + 2|k′|2 − |k′′|2
4m
− Ej
)
〈bˆ†k′′,jAˆk,k′〉 − γj〈bˆ†k′′,jAˆk,k′〉
+i
2√
V
∑
j′
gj′ |k − k′| 〈bˆ†k′′,j bˆk+k′,j′〉 − i
2√
V
∑
k′′′
gj |2k′′′ − k′′|〈Aˆ†k′′′,k′′−k′′′Aˆk,k′〉
+i
2√
V
∑
k′′′,j′
gj′
(
|k′′′ − k| 〈bˆ†k′′,jCˆk′′′,k′ bˆk′′′+k,j′〉+ |k′ − k′′′| 〈bˆ†k′′,jCˆk′′′,kbˆk′′′+k′,j′〉
)
(18)
d〈Cˆk,k′〉
dt
= i
|k′|2 − |k|2
2m
〈Cˆk,k′〉+ i 2√
V
∑
j,k′′
gj
(
|k − k′′| 〈bˆ†k′′+k,j Aˆk′′,k′〉+ |k′′ − k′| 〈Aˆ†k′′,k bˆk′′+k′,j〉
)
(19)
d 〈Cˆk,k′ bˆk′′,j〉
dt
= i
(2|k′|2 − 2|k|2 + |k′′|2
4m
+ Ej + iγj
)
〈bˆj,k′′Cˆk,k′〉+ i 2√
V
∑
k′′′
gj |2k′′′ − k′′|〈Cˆk,k′Aˆk′′′,k′′−k′′′〉
+i
2√
V
∑
j′,k′′′
gj′
(
|k − k′′′| 〈bˆ†k′′′+k,j′ Aˆk′′′,k′ bˆk′′,j〉+ |k′′′ − k′| 〈Aˆ†k′′′,k bˆk′′′+k′,j′ bˆk′′,j〉
)
(20)
Assuming the observables can be factorized as
〈Aˆk1,k2Aˆ†k3,k4〉 = 〈Aˆk1,k2〉〈Aˆ
†
k3,k4
〉 − (〈Cˆ†k4,k1〉 − δk1,k4)(〈Cˆk3,k2〉 − δk2,k3)
+
(〈Cˆ†k3,k1〉 − δk1,k3)(〈Cˆk4,k2〉 − δk2,k4) (21)
〈Cˆk1,k2Aˆ†k3,k4〉 = 〈Cˆk1,k2〉〈Aˆ
†
k3,k4
〉 − (〈Cˆ†k4,k1〉 − δk1,k4)(〈Cˆk3,k2〉 − δk2,k3)
+
(〈Cˆ†k3,k1〉 − δk1,k3)(〈Cˆk4,k2〉 − δk2,k4), (22)
7then the equations of motion above become a closed set of equations and the dynamics of the observables can be
evaluated. Our numerical simulations confirm the coherence terms 〈Aˆk1,k2〉, 〈Cˆk1,k2〉 (k1 6= k2) and 〈bˆ†k3,jAˆk1,k2〉
(k3 6= k1 + k2), which are initially zero, remain zero, and therefore can be neglected. Then the relevant observables
are 〈Cˆk1,k1〉, 〈bˆ†kj bˆkj′ 〉 and 〈bˆ
†
k1+k2,j
Aˆk1,k2〉.
In Ref. [13], the lifetime of the KRb complex was measured to be & 250ns, indicating γ & 2pi × 4MHz. Since the
experimentally relevant energy scales are set by the Fermi energy (∼ kHz), which is much smaller than the complex
decay rate, we can adiabatically eliminate the complex, and set to zero both the left hand side of Eq. (18) and the
term 〈bˆ†j,k+k′ bˆj,k+k′〉. Then the correlation terms can be approximated as
〈bˆ†j,k+k′Aˆk,k′〉 ≈ −i
4gj√
V
|k − k′|〈nˆknˆk′〉/(γ − iEj) ≈ −i 4gj√
V
|k − k′|〈nˆk〉〈nˆk′〉/(γ − iEj), (23)
where nˆk = cˆ
†
kcˆk and the second approximation is taken since the coherence term is zero. There we have also ignored
single particle kinetic energy terms since they are in the order of ∼ kHz γj ∼ MHz. By substituting the correlations
into Eq. (19), the dynamics for the molecular population becomes
d〈nˆk〉
dt
= −
∑
k′
Γk,k′〈nˆk〉〈nˆk′〉, Γk,k′ =
∑
j
16g2j
V
γj
γ2j + E
2
j
|k − k′|2. (24)
Note that Eq. (24) recovers the standard rate equations that describe direct chemical reactions, if we identify
gim ≡ 3pi~b3im/m =
∑
j 4g
2
jγj/(γ
2
j + E
2
j ) and gre ≡ 3pi~b3re/m =
∑
j 4g
2
jEj/(γ
2
j + E
2
j ), with b
3
re and b
3
im the real and
imaginary parts of the scattering volume.
As mentioned in the main text, Eq. (24) can be generalized to account for any type of trapping potentials V (r) by
replacing 〈nˆk〉 by the population 〈nˆn〉 as given by
d〈nˆn〉
dt
≈ −∑n′ Γnn′〈nˆn〉〈nˆn′〉, (25)
where Γnn′ ≡ 4Γnn′nn′ with
Γnn′n′′n′′′ =
3pi~b3im
m
(∫
dr 3
[(∇φ∗n(r))φ∗n′(r)− φ∗n(r)(∇φ∗n′(r))] · [(∇φn′′(r))φn′′′(r)− φn′′(r)(∇φn′′′(r))]),
(26)
where φn(r) is the eigenfunction of the eigenmode n of the single particle Hamiltonian.
II. EFFECTS OF THE ELASTIC SCATTERING
As discussed in the last section, both elastic and inelastic interactions are present. According to the multichannel
quantum defect theory (MQDT) [11], the elastic and inelastic scattering volumes in KRb have exactly the same
amplitude but with opposite sign. However, thermalization effect of the elastic collision cannot be captured by a
second order cumulant expansion such as the one used to derive Eq. (19) Instead here we use kinetic theory to
incorporate thermalization processes induced by elastic collisions [24] and demonstrate that for the case of KRb they
play a minimal role in the loss dynamics. In the context of kinetic theory the rate equations read:
d〈nˆn〉
dt
= −
∑
n′
Γnn′〈nˆn〉〈nˆn′〉+
∑
n′n′′n′′′
Wnn′n′′n′′′
(
〈nˆn′′〉 〈nˆn′′′〉 (1− 〈nˆn〉)(1− 〈nˆn′〉)− 〈nˆn〉 〈nˆn′〉 (1− 〈nˆn′′〉)(1− 〈nˆn′′′〉)
)
,
(27)
where Wnn′n′′n′′′ = 2pi/ω|gre/gim|2|Γnn′n′′n′′′ |2δEn+En′ ,En′′+En′′′ and En is the single particle energy of mode n.
Note that even though the elastic collisions are responsible for thermalization, the loss dynamics is mainly determined
by the inelastic part since the elastic collisions conserve the total particle number and only slightly affect the decay
rate by redistributing the mode population, as shown in Fig. 4.
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FIG. 4. Population dynamics for different elastic scattering volumes and temperatures: (a) T = 0, (b) T = 0.3TF . Panel (i)
and panel (ii) show the particle mode distribution for N(t = 0) = 56 particles (n = nx + ny + nz) for gre = 0 and gre = −gim
respectively. The different colors represent the distribution at different times t: blue: t = 0, yellow: t = 0.12gim, green:
t = 0.24gim, red: t = 0.32gim and purple: t = 0.48gim. Panel (iii) plot the dynamics of the particle number N(t) as a function
of time (red: gre = 0, blue dashed: gre = −gim).The comparison shows that the elastic collisions only slightly affect the decay
rate by redistributing the density profile and do not affect the decay dynamics. To account for the fact that our simulations
can not be done for large systems, we capture the effect of the elastic interactions expected for the real particle number used
in the experiment Nexp = 10
4, by rescaling both gre and gim by a factor of (Nexp/56)
−1/6 ≈ 0.42, given the known scaling of
Γ ∝ N−1/6.
III. EVAPORATIVE HEATING
During the decay process, the evolution of the total energy of the system is given by:
dE(t)
dt
= −
∑
ni,nj
EniΓninj 〈nˆi〉t 〈nˆj〉t ≡ −Γ(t)N(t)2, (28)
where the time-dependent averaged particle decay rate is defined as Γ(t) =
∑
ni,ni
ΓninjEni 〈nˆi〉t〈nˆj〉t/N(t)2. This
equation together with the dynamics of N(t), can be used to solve for the dynamics of the energy density which
evolves as
d(t)/dt = N(Γ(t)(t)− Γ(t)) ≡ α0NΓ, (29)
where α0 ≡ (Γ − Γ)/Γ denotes the evaporative cooling(heating) rate with negative(positive) value. For the 3D
harmonic confinement under consideration, the particles with lower energy decay faster according to the scaling
Γ ∝ −1/2. Therefore the energy density increases as particles get lost and the system is evaporatively heated up.
Using the numerical results in Fig. 5, α0 is found to be a constant α0 = 0.07 for all regimes down to T = 0.2TF which
is close to the result α0 = 1/12 in the classical regime predicted in [25] using a kinetic theory formalism.
IV. SIMPLIFIED ANALYTICAL EQUATIONS
The experiment measured the decay dynamics of an ensemble of N ∼ 105 particles, for which a quantitative
theoretical comparison is numerically hard, even at the mean-field level. To overcome this numerical complexity as
well as getting more insight into the decay, we assume that the decay dynamics is governed by simple analytical
equations which are valid when the system is in equilibrium. Surprisingly, by performing comparisons with numerical
calculations we find that these relations describe well the decay dynamics as shown in Fig. 6
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FIG. 5. The scaling relation Γ ∝ 1/2 is valid over a wide range of  that covers both the classical limit and the quantum
degenerate regime.
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FIG. 6. Comparisons between the analytical results (red curves) and the numerical results (blue dashed lines) for the
population dynamics at different initial equilibrium temperatures T = 0, T = 0.5TF and T = 1.0TF from bottom to top for
N = 120 particles. We find that the analytical results can well capture the numerically obtained dynamics over a wide range
of temperatures.
V. INCORPORATING COMPLEX-MOLECULE COLLISIONS IN THE RATE EQUATIONS
Taking into account the complex-molecule collisions, the equations of motions for the relevant observables become
d〈nˆk〉
dt
= −
(∑
j,k′
2αγγj/V 〈nˆbj,k′〉
)
〈nˆk〉+
∑
j,k′
4gj√
V
|k − k′| Im[〈bˆ†j,k+k′ Aˆk,k′〉]
+αg
∑
k′′
Im[〈bˆ†j,k+k′ Aˆk,k′ nˆk′′〉]/V (30)
d 〈bˆ†j,k+k′Aˆk,k′〉
dt
= −
(
γj
(
1 + αγ/V
∑
k′′
〈nˆk′′〉
)
+
∑
j′,k′′
2αγγj′/V 〈nˆbj′,k′′〉
)
〈bˆ†j,k+k′Aˆk,k′〉
+i
2gj√
V
|k − k′|
(
〈nˆbj,k+k′〉 − 2〈nˆknˆk′〉
)
+ i
2gjαg
V 3/2
|k − k′|
∑
k′′
(
〈nˆbj,k+k′ nˆk′′〉 − 2〈nˆknˆk′ nˆk′′,k′′〉
)
(31)
d 〈nˆbj,k〉
dt
= −2γj(1 + αγ
∑
k′
〈nˆk′〉/V )〈nˆbj,k〉 −
2gj√
V
∑
k′
|2k′ − k|
(
Im[〈bˆ†j,kAˆk′,k−k′〉] + αg
∑
k′′
Im[〈bˆ†j,kAˆk′,k−k′ nˆk′′〉]
)
,
(32)
where nˆbj,k = bˆ
†
j,kbˆj,k is the complex population operator.
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Here we have neglected the kinetic energy term and the binding energy term. In addition, since the complex decay
rate is large, it’s fair to assume that the complex population can be neglected when it is compared to the molecule
population. Therefore, by addiabatically eliminating the complex, one can obtain
〈bˆ†j,k+k′Aˆk,k′〉 = −i
4gj√
V
(
1 + αgn
)|k − k′|〈nˆk〉〈nˆk′〉/(γj(1 + αγn)), (33)
〈nˆbj,k〉 = −
gj√
V
(
1 + αgn
)∑
k′
|2k′ − k| Im[〈bˆ†j,kAˆk′,k−k′〉]/
(
γj
(
1 + αγn
))
=
4g2j
(
1 + αgn
)2
V γ2j
(
1 + αγn
)2 ∑
k′
|2k′ − k|2〈nˆk−k′〉〈nˆk′〉, (34)
where n =
∑
k〈nˆk〉/V is the density of the molecules.
Similarly, by substituting the correlations into Eq. (30), the dynamics for the molecular population becomes
d〈nˆk〉
dt
= −
∑
j,k′
16g2j
(
1 + αgn
)2
V γj
(
1 + αγn
) |k − k′|2〈nˆk〉〈nˆk′〉
−
∑
j,k′,k′′
8αγg
2
j
(
1 + αgn
)
V 2γ2j
(
1 + αγn
)2 |2k′′ − k′|〈nˆk〉〈nˆk′′〉〈nˆk′−k′′〉
≈ −
∑
k′
Γk,k′
(
1 + αgn
)2(
1 + αγn
) 〈nˆk〉〈nˆk′〉 − 1
2
∑
j,k′,k′′
αγ
V
Γk′′,k′−k′′〈nˆk〉〈nˆk′′〉〈nˆk′−k′′〉. (35)
Here we have assumed αg(γ)n 1 approximation that is found to be valid for the KRb experimental parameters. In
addition, we assume γj  Ej since the only the close to resonance complex can be formed.
And the dynamical equation for the total number of the molecules is given by
dN
dt
= −
∑
k,k′
Γk,k′
(
1 + 2αgn− αγn/2
)〈nˆk〉〈nˆk′〉 (36)
By comparing Eq. (35) with Eq. (24), we find the modified decay rate after taking into account of the inelastic
molecule-complex collisions becomes
ΓPk,k′ = Γk,k′
(
1 + 2αgn− αγn/2
)
, (37)
indicating that the effective inelastic scattering parameter becomes
gPim = gim
(
1 + 2αgn− αγn/2
)
. (38)
VI. REVISED DECAY RATES
In a harmonic trap, the density of the gas is not homogeneous, therefore the spatial dependence of the effective
scattering coefficient gPim(r) needs to be taken into account. This leads to a revised decay rate Γninjnknl given by
ΓPnn′n′′n′′′ =
∫
dr 3gPim(r)
[(∇φ∗n(r))φ∗n′(r)− φ∗n(r)(∇φ∗n′(r))] · [(∇φn′′(r))φn′′′(r)− φn′′(r)(∇φn′′′(r))].
(39)
Consequently, the revised rate equations for the mode populations are given by
d〈nˆn〉
dt
≈ −∑n′ Γnn′〈nˆn〉〈nˆn′〉, (40)
where ΓPnn′ ≡ 4ΓPnn′nn′
The scaling of Γ
P
for systems with a large number of particles is limited by the computation complexity. To
overcome this limit, here we instead take the local density approximation starting from a semi-classical phase space
distribution given by
f(r,p) =
1
exp
[
(mω
2r2
2 +
p2
2m − µ)/kBT
]
+ 1
, (41)
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the averaged decay rate can be calculated as
Γ
P
=
∫
gPim(r)p
2 f(r,p) dr3dp3
NV
(42)
where N and V denotes the particle number and the volume respectively, and the first term in the integrand gPim(r)
accommodates the spatial dependence, the second term p2 represents the p-wave collisional kernel that is proportional
to the kinetic energy of the gas, and the denominator is simply the total particle number of the system.
We compute the integral Eq. (42) numerically assuming different α and particle number N . As shown in Fig. 7,
we find that the ratio ΓP /Γ0 assuming α = 0) saturates at high temperature and gets suppressed as the gas enters
quantum degeneracy (Γ0 is calculated using Eq. (42). In addition, the degree of suppression and the saturation
temperature increase with increasing particle number.
(a)
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FIG. 7. The plots show ΓP /Γ0 for different (a) α values assuming N = 2 × 104 and (b) different particle number N setting
α = 6× 10−20m3.
VII. FITTING ANALYSIS
In the experiment, the molecules are created and cooled down to the Fermi degenerate regime. By fitting the initial
density profile to a Fermi-Dirac distribution, the initial temperatures T ex0 and T
ex
0 /TF are obtained. To keep track
of the reactive collision processes, the particle number N ex(t) and the volume V ex(t) are measured as a function of
the evolution time t. To compare with the experimentally extracted decay rate, both the experimental initial energy
density and the initial particle number are needed as an input parameters for the theory. They are extracted by a
fitting procedure: By fitting V ex(t) to V (t) = (4pi(t)/3mω2)3/2, the initial energy density ex0 ±∆ex and the linear
heating rate hex ±∆hex can be extracted with ∆ex and ∆hex the uncertainties. Furthermore, by finding the best fit
of N ex(t) to the theoretical N th(t) obtained, the initial particle number N ex0 ±∆N ex0 can be obtained.
Assuming α0 = 0.07 and hbg = 20 ± 4nK/s, together with the extracted parameters N ex0 , ex0 can be solved self-
consistently. The theoretically predicted hth is extracted from a linear fit to th(t). The comparison of the theoretically
predicted hth and the experimentally measured hex are shown in Fig. 8. We find that for the fixed hbg used in the
theory model, the theory results roughly agree with the experimental ones in the degenerate regime where the density
is high, while the theory overestimates the heating rates in the classical regime where the density is low, which is
qualitatively consistent with the conjecture that the background heating is induced by the density-dependent collisions
and should be smaller for dilute systems.
The theory predicted N(t) is obtained by substituting theoretically calculated decay rate Γ
th
0 , the heating rate h
th,
and the experimentally measured initial conditions ex0 and N
ex
0 into Eq. (12). In Fig. 9, we compare the dynamics of
N(t) predicted by the theoretical results and the experimental data. The decay rate β0 is obtained as the best fit of
the theoretical n(t) = N(t)/V (t) to Eq. (12).
To incorporate the effect of the formation of the complex, we replace Γ
th
0 by Γ
th,P
0 = Γ
th
0 × (Γ
P
/Γ0). Since Γ
P
/Γ0
gives rise to suppression, the agreement between the dynamics of the particle number of the theoretical results and
experimental data becomes better, as shown in Fig. 9.
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FIG. 8. Comparison between the theoretically predicted (red dots) and the experimental measured (black dots) heating rates.
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T = 0.36TF
<latexit sha1_base64="8dm/QFRu1kAbwc4LNplfpuccQ/U=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07LV4sdBKAjisULXVtqlZNNsG5pklyQrlKW/wosHFa/+HW/+G9N2D1p9MPB4b4aZeWHCmTae9+UUlpZXVteK66WNza3tnfLu 3r2OU0WoT2Ieq3aINeVMUt8ww2k7URSLkNNWOLqe+q1HqjSLZdOMExoIPJAsYgQbKz00rzz39KzZu+mVK57rzYD+kmpOKpCj0St/dvsxSQWVhnCsdafqJSbI sDKMcDopdVNNE0xGeEA7lkosqA6y2cETdGSVPopiZUsaNFN/TmRYaD0Woe0U2Az1ojcV//M6qYkugozJJDVUkvmiKOXIxGj6PeozRYnhY0swUczeisgQK0yM zahkQ6guvvyX+Cfupevd1Sr1Wp5GEQ7gEI6hCudQh1togA8EBDzBC7w6ynl23pz3eWvByWf24Recj29LdI7q</latexit><latexit sha1_base64="8dm/QFRu1kAbwc4LNplfpuccQ/U=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07LV4sdBKAjisULXVtqlZNNsG5pklyQrlKW/wosHFa/+HW/+G9N2D1p9MPB4b4aZeWHCmTae9+UUlpZXVteK66WNza3tnfLu 3r2OU0WoT2Ieq3aINeVMUt8ww2k7URSLkNNWOLqe+q1HqjSLZdOMExoIPJAsYgQbKz00rzz39KzZu+mVK57rzYD+kmpOKpCj0St/dvsxSQWVhnCsdafqJSbI sDKMcDopdVNNE0xGeEA7lkosqA6y2cETdGSVPopiZUsaNFN/TmRYaD0Woe0U2Az1ojcV//M6qYkugozJJDVUkvmiKOXIxGj6PeozRYnhY0swUczeisgQK0yM zahkQ6guvvyX+Cfupevd1Sr1Wp5GEQ7gEI6hCudQh1togA8EBDzBC7w6ynl23pz3eWvByWf24Recj29LdI7q</latexit><latexit sha1_base64="8dm/QFRu1kAbwc4LNplfpuccQ/U=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07LV4sdBKAjisULXVtqlZNNsG5pklyQrlKW/wosHFa/+HW/+G9N2D1p9MPB4b4aZeWHCmTae9+UUlpZXVteK66WNza3tnfLu 3r2OU0WoT2Ieq3aINeVMUt8ww2k7URSLkNNWOLqe+q1HqjSLZdOMExoIPJAsYgQbKz00rzz39KzZu+mVK57rzYD+kmpOKpCj0St/dvsxSQWVhnCsdafqJSbI sDKMcDopdVNNE0xGeEA7lkosqA6y2cETdGSVPopiZUsaNFN/TmRYaD0Woe0U2Az1ojcV//M6qYkugozJJDVUkvmiKOXIxGj6PeozRYnhY0swUczeisgQK0yM zahkQ6guvvyX+Cfupevd1Sr1Wp5GEQ7gEI6hCudQh1togA8EBDzBC7w6ynl23pz3eWvByWf24Recj29LdI7q</latexit>
T = 0.39TF
<latexit sha1_base64="S6Fpr5I9q4ZSXXc8NbvER1uDwv4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07LVgvYgFATxWKFrK+1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDhTBvP+3IKK6tr6xvFzdLW9s7uXn n/4F7HqSLUJzGPVSfEmnImqW+Y4bSTKIpFyGk7HF/P/PYjVZrFsmUmCQ0EHkoWMYKNlR5aV557Xm/1b/rliud6c6C/pJqTCuRo9sufvUFMUkGlIRxr3a16i QkyrAwjnE5LvVTTBJMxHtKupRILqoNsfvAUnVhlgKJY2ZIGzdWfExkWWk9EaDsFNiO97M3E/7xuaqLLIGMySQ2VZLEoSjkyMZp9jwZMUWL4xBJMFLO3IjL CChNjMyrZEKrLL/8l/plbd727WqVRy9MowhEcwylU4QIacAtN8IGAgCd4gVdHOc/Om/O+aC04+cwh/ILz8Q1QBo7t</latexit><latexit sha1_base64="S6Fpr5I9q4ZSXXc8NbvER1uDwv4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07LVgvYgFATxWKFrK+1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDhTBvP+3IKK6tr6xvFzdLW9s7uXn n/4F7HqSLUJzGPVSfEmnImqW+Y4bSTKIpFyGk7HF/P/PYjVZrFsmUmCQ0EHkoWMYKNlR5aV557Xm/1b/rliud6c6C/pJqTCuRo9sufvUFMUkGlIRxr3a16i QkyrAwjnE5LvVTTBJMxHtKupRILqoNsfvAUnVhlgKJY2ZIGzdWfExkWWk9EaDsFNiO97M3E/7xuaqLLIGMySQ2VZLEoSjkyMZp9jwZMUWL4xBJMFLO3IjL CChNjMyrZEKrLL/8l/plbd727WqVRy9MowhEcwylU4QIacAtN8IGAgCd4gVdHOc/Om/O+aC04+cwh/ILz8Q1QBo7t</latexit><latexit sha1_base64="S6Fpr5I9q4ZSXXc8NbvER1uDwv4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07LVgvYgFATxWKFrK+1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDhTBvP+3IKK6tr6xvFzdLW9s7uXn n/4F7HqSLUJzGPVSfEmnImqW+Y4bSTKIpFyGk7HF/P/PYjVZrFsmUmCQ0EHkoWMYKNlR5aV557Xm/1b/rliud6c6C/pJqTCuRo9sufvUFMUkGlIRxr3a16i QkyrAwjnE5LvVTTBJMxHtKupRILqoNsfvAUnVhlgKJY2ZIGzdWfExkWWk9EaDsFNiO97M3E/7xuaqLLIGMySQ2VZLEoSjkyMZp9jwZMUWL4xBJMFLO3IjL CChNjMyrZEKrLL/8l/plbd727WqVRy9MowhEcwylU4QIacAtN8IGAgCd4gVdHOc/Om/O+aC04+cwh/ILz8Q1QBo7t</latexit>
T = 0.45TF
<latexit sha1_b ase64="TJTpIC4rBu7fximorFvXWY5 NHnc=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB07KVinoQCoJ4rNC1lXYp2 TTbhibZJckKZemv8OJBxat/x5v/xrT dg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6 xvFzdLW9s7uXnn/4EHHqSLUJzGPVTv EmnImqW+Y4bSdKIpFyGkrHN1M/dYTV ZrFsmnGCQ0EHkgWMYKNlR6b155bO2/ 2bnvliud6M6BlUs1JBXI0euWvbj8mq aDSEI617lS9xAQZVoYRTielbqppgsk ID2jHUokF1UE2O3iCTqzSR1GsbEmDZ urviQwLrccitJ0Cm6Fe9Kbif14nNdF lkDGZpIZKMl8UpRyZGE2/R32mKDF8b AkmitlbERlihYmxGZVsCNXFl5eJf+Z eud59rVKv5WkU4QiO4RSqcAF1uIMG+ EBAwDO8wpujnBfn3fmYtxacfOYQ/sD 5/AFLdY7q</latexit><latexit sha1_b ase64="TJTpIC4rBu7fximorFvXWY5 NHnc=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB07KVinoQCoJ4rNC1lXYp2 TTbhibZJckKZemv8OJBxat/x5v/xrT dg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6 xvFzdLW9s7uXnn/4EHHqSLUJzGPVTv EmnImqW+Y4bSdKIpFyGkrHN1M/dYTV ZrFsmnGCQ0EHkgWMYKNlR6b155bO2/ 2bnvliud6M6BlUs1JBXI0euWvbj8mq aDSEI617lS9xAQZVoYRTielbqppgsk ID2jHUokF1UE2O3iCTqzSR1GsbEmDZ urviQwLrccitJ0Cm6Fe9Kbif14nNdF lkDGZpIZKMl8UpRyZGE2/R32mKDF8b AkmitlbERlihYmxGZVsCNXFl5eJf+Z eud59rVKv5WkU4QiO4RSqcAF1uIMG+ EBAwDO8wpujnBfn3fmYtxacfOYQ/sD 5/AFLdY7q</latexit><latexit sha1_b ase64="TJTpIC4rBu7fximorFvXWY5 NHnc=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB07KVinoQCoJ4rNC1lXYp2 TTbhibZJckKZemv8OJBxat/x5v/xrT dg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6 xvFzdLW9s7uXnn/4EHHqSLUJzGPVTv EmnImqW+Y4bSdKIpFyGkrHN1M/dYTV ZrFsmnGCQ0EHkgWMYKNlR6b155bO2/ 2bnvliud6M6BlUs1JBXI0euWvbj8mq aDSEI617lS9xAQZVoYRTielbqppgsk ID2jHUokF1UE2O3iCTqzSR1GsbEmDZ urviQwLrccitJ0Cm6Fe9Kbif14nNdF lkDGZpIZKMl8UpRyZGE2/R32mKDF8b AkmitlbERlihYmxGZVsCNXFl5eJf+Z eud59rVKv5WkU4QiO4RSqcAF1uIMG+ EBAwDO8wpujnBfn3fmYtxacfOYQ/sD 5/AFLdY7q</latexit>
T = 0.48TF
<latexit sha1_base64="eqaVMV5y 3hZNKU8Vfl30cTFk1HU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrB etBKAjisULXVtqlZNNsG5pklyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZe VHKmTae9+0U1tY3NreK26Wd3b39g/Lh0YNOMkVoQBKeqHaENeVM0sAww2k7 VRSLiNNWNLqZ+a0nqjRLZNOMUxoKPJAsZgQbKz02rz23Wmv2bnvliud6c6B V4uekAjkavfJXt5+QTFBpCMdad3wvNeEEK8MIp9NSN9M0xWSEB7RjqcSC6nA yP3iKzqzSR3GibEmD5urviQkWWo9FZDsFNkO97M3E/7xOZuJaOGEyzQyVZL EozjgyCZp9j/pMUWL42BJMFLO3IjLEChNjMyrZEPzll1dJcOFeud59tVKv5 mkU4QRO4Rx8uIQ63EEDAiAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBQB47t </latexit><latexit sha1_base64="eqaVMV5y 3hZNKU8Vfl30cTFk1HU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrB etBKAjisULXVtqlZNNsG5pklyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZe VHKmTae9+0U1tY3NreK26Wd3b39g/Lh0YNOMkVoQBKeqHaENeVM0sAww2k7 VRSLiNNWNLqZ+a0nqjRLZNOMUxoKPJAsZgQbKz02rz23Wmv2bnvliud6c6B V4uekAjkavfJXt5+QTFBpCMdad3wvNeEEK8MIp9NSN9M0xWSEB7RjqcSC6nA yP3iKzqzSR3GibEmD5urviQkWWo9FZDsFNkO97M3E/7xOZuJaOGEyzQyVZL EozjgyCZp9j/pMUWL42BJMFLO3IjLEChNjMyrZEPzll1dJcOFeud59tVKv5 mkU4QRO4Rx8uIQ63EEDAiAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBQB47t </latexit><latexit sha1_base64="eqaVMV5y 3hZNKU8Vfl30cTFk1HU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrB etBKAjisULXVtqlZNNsG5pklyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZe VHKmTae9+0U1tY3NreK26Wd3b39g/Lh0YNOMkVoQBKeqHaENeVM0sAww2k7 VRSLiNNWNLqZ+a0nqjRLZNOMUxoKPJAsZgQbKz02rz23Wmv2bnvliud6c6B V4uekAjkavfJXt5+QTFBpCMdad3wvNeEEK8MIp9NSN9M0xWSEB7RjqcSC6nA yP3iKzqzSR3GibEmD5urviQkWWo9FZDsFNkO97M3E/7xOZuJaOGEyzQyVZL EozjgyCZp9j/pMUWL42BJMFLO3IjLEChNjMyrZEPzll1dJcOFeud59tVKv5 mkU4QRO4Rx8uIQ63EEDAiAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBQB47t </latexit>
T = 0.55TF
<latexit sha1_base64="TgwxEuzAolmaJggmSL7hxOtO6p4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IrFvUgFATxWKFrK+1Ssmm2DU2yS5IVSumv8OJBxat/x5v/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6xvFzdLW9s7uXnn/ 4EEnmSI0IAlPVCvCmnImaWCY4bSVKopFxGkzGt5M/eYTVZolsmFGKQ0F7ksWM4KNlR4b155brTa6t91yxXO9GdAy8XNSgRz1bvmr00tIJqg0hGOt276XmnCM lWGE00mpk2maYjLEfdq2VGJBdTieHTxBJ1bpoThRtqRBM/X3xBgLrUcisp0Cm4Fe9Kbif147M/FlOGYyzQyVZL4ozjgyCZp+j3pMUWL4yBJMFLO3IjLAChNj MyrZEPzFl5dJcOZeud79eaV2nqdRhCM4hlPw4QJqcAd1CICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QNM/I7r</latexit><latexit sha1_base64="TgwxEuzAolmaJggmSL7hxOtO6p4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IrFvUgFATxWKFrK+1Ssmm2DU2yS5IVSumv8OJBxat/x5v/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6xvFzdLW9s7uXnn/ 4EEnmSI0IAlPVCvCmnImaWCY4bSVKopFxGkzGt5M/eYTVZolsmFGKQ0F7ksWM4KNlR4b155brTa6t91yxXO9GdAy8XNSgRz1bvmr00tIJqg0hGOt276XmnCM lWGE00mpk2maYjLEfdq2VGJBdTieHTxBJ1bpoThRtqRBM/X3xBgLrUcisp0Cm4Fe9Kbif147M/FlOGYyzQyVZL4ozjgyCZp+j3pMUWL4yBJMFLO3IjLAChNj MyrZEPzFl5dJcOZeud79eaV2nqdRhCM4hlPw4QJqcAd1CICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QNM/I7r</latexit><latexit sha1_base64="TgwxEuzAolmaJggmSL7hxOtO6p4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IrFvUgFATxWKFrK+1Ssmm2DU2yS5IVSumv8OJBxat/x5v/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6xvFzdLW9s7uXnn/ 4EEnmSI0IAlPVCvCmnImaWCY4bSVKopFxGkzGt5M/eYTVZolsmFGKQ0F7ksWM4KNlR4b155brTa6t91yxXO9GdAy8XNSgRz1bvmr00tIJqg0hGOt276XmnCM lWGE00mpk2maYjLEfdq2VGJBdTieHTxBJ1bpoThRtqRBM/X3xBgLrUcisp0Cm4Fe9Kbif147M/FlOGYyzQyVZL4ozjgyCZp+j3pMUWL4yBJMFLO3IjLAChNj MyrZEPzFl5dJcOZeud79eaV2nqdRhCM4hlPw4QJqcAd1CICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QNM/I7r</latexit>
T = 0.56TF
<latexit sha1_base64="0GJu+ZHIZfBhYT1MJFQ1e5MRad4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IVPw9CQRCPFbq20i4lm2bb0CS7JFmhLP0VXjyoePXvePPfmLZ70NYHA4/3ZpiZFyacaeN5305haXllda24XtrY3NreKe/u Peg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33yiSrNYNswooYHAfckiRrCx0mPj2nPPzhvd22654rneFGiRVHNSgRz1bvmr04tJKqg0hGOt21UvMUGG lWGE03Gpk2qaYDLEfdq2VGJBdZBNDx6jI6v0UBQrW9Kgqfp7IsNC65EIbafAZqDnvYn4n9dOTXQZZEwmqaGSzBZFKUcmRpPvUY8pSgwfWYKJYvZWRAZYYWJs RiUbQnX+5UXin7hXrnd/Wqmd5mkU4QAO4RiqcAE1uIM6+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AFOgo7s</latexit><latexit sha1_base64="0GJu+ZHIZfBhYT1MJFQ1e5MRad4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IVPw9CQRCPFbq20i4lm2bb0CS7JFmhLP0VXjyoePXvePPfmLZ70NYHA4/3ZpiZFyacaeN5305haXllda24XtrY3NreKe/u Peg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33yiSrNYNswooYHAfckiRrCx0mPj2nPPzhvd22654rneFGiRVHNSgRz1bvmr04tJKqg0hGOt21UvMUGG lWGE03Gpk2qaYDLEfdq2VGJBdZBNDx6jI6v0UBQrW9Kgqfp7IsNC65EIbafAZqDnvYn4n9dOTXQZZEwmqaGSzBZFKUcmRpPvUY8pSgwfWYKJYvZWRAZYYWJs RiUbQnX+5UXin7hXrnd/Wqmd5mkU4QAO4RiqcAE1uIM6+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AFOgo7s</latexit><latexit sha1_base64="0GJu+ZHIZfBhYT1MJFQ1e5MRad4=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IVPw9CQRCPFbq20i4lm2bb0CS7JFmhLP0VXjyoePXvePPfmLZ70NYHA4/3ZpiZFyacaeN5305haXllda24XtrY3NreKe/u Peg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33yiSrNYNswooYHAfckiRrCx0mPj2nPPzhvd22654rneFGiRVHNSgRz1bvmr04tJKqg0hGOt21UvMUGG lWGE03Gpk2qaYDLEfdq2VGJBdZBNDx6jI6v0UBQrW9Kgqfp7IsNC65EIbafAZqDnvYn4n9dOTXQZZEwmqaGSzBZFKUcmRpPvUY8pSgwfWYKJYvZWRAZYYWJs RiUbQnX+5UXin7hXrnd/Wqmd5mkU4QAO4RiqcAE1uIM6+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AFOgo7s</latexit>
T = 0.57TF
<latexit sha1_b ase64="bbFLEXdC4FVX4NL22ShkbXy cCx0=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB07IrSvUgFATxWKFrK+1Ss mm2DU2yS5IVSumv8OJBxat/x5v/xrT dg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6 xvFzdLW9s7uXnn/4EEnmSI0IAlPVCv CmnImaWCY4bSVKopFxGkzGt5M/eYTV ZolsmFGKQ0F7ksWM4KNlR4b1557UW1 0b7vliud6M6Bl4uekAjnq3fJXp5eQT FBpCMdat30vNeEYK8MIp5NSJ9M0xWS I+7RtqcSC6nA8O3iCTqzSQ3GibEmDZ urviTEWWo9EZDsFNgO96E3F/7x2ZuL LcMxkmhkqyXxRnHFkEjT9HvWYosTwk SWYKGZvRWSAFSbGZlSyIfiLLy+T4My 9cr3780rtPE+jCEdwDKfgQxVqcAd1C ICAgGd4hTdHOS/Ou/Mxby04+cwh/IH z+QNQCI7t</latexit><latexit sha1_b ase64="bbFLEXdC4FVX4NL22ShkbXy cCx0=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB07IrSvUgFATxWKFrK+1Ss mm2DU2yS5IVSumv8OJBxat/x5v/xrT dg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6 xvFzdLW9s7uXnn/4EEnmSI0IAlPVCv CmnImaWCY4bSVKopFxGkzGt5M/eYTV ZolsmFGKQ0F7ksWM4KNlR4b1557UW1 0b7vliud6M6Bl4uekAjnq3fJXp5eQT FBpCMdat30vNeEYK8MIp5NSJ9M0xWS I+7RtqcSC6nA8O3iCTqzSQ3GibEmDZ urviTEWWo9EZDsFNgO96E3F/7x2ZuL LcMxkmhkqyXxRnHFkEjT9HvWYosTwk SWYKGZvRWSAFSbGZlSyIfiLLy+T4My 9cr3780rtPE+jCEdwDKfgQxVqcAd1C ICAgGd4hTdHOS/Ou/Mxby04+cwh/IH z+QNQCI7t</latexit><latexit sha1_b ase64="bbFLEXdC4FVX4NL22ShkbXy cCx0=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB07IrSvUgFATxWKFrK+1Ss mm2DU2yS5IVSumv8OJBxat/x5v/xrT dg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6 xvFzdLW9s7uXnn/4EEnmSI0IAlPVCv CmnImaWCY4bSVKopFxGkzGt5M/eYTV ZolsmFGKQ0F7ksWM4KNlR4b1557UW1 0b7vliud6M6Bl4uekAjnq3fJXp5eQT FBpCMdat30vNeEYK8MIp5NSJ9M0xWS I+7RtqcSC6nA8O3iCTqzSQ3GibEmDZ urviTEWWo9EZDsFNgO96E3F/7x2ZuL LcMxkmhkqyXxRnHFkEjT9HvWYosTwk SWYKGZvRWSAFSbGZlSyIfiLLy+T4My 9cr3780rtPE+jCEdwDKfgQxVqcAd1C ICAgGd4hTdHOS/Ou/Mxby04+cwh/IH z+QNQCI7t</latexit>
T = 0.60TF
<latexit sha1_base64="FeS/O7q6 bDXc4fgHRpAa1zH4KF4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB05JK8 eMgFATxWKFrK+1Ssmm2Dc1mlyQrlKW/wosHFa/+HW/+G9N2D9r6YODx3gwz8 4JEcG0w/nYKK6tr6xvFzdLW9s7uXnn/4EHHqaLMo7GIVTsgmgkumWe4Eayd KEaiQLBWMLqZ+q0npjSPZdOME+ZHZCB5yCkxVnpsXmP3HDd7t71yBbt4BrR MqjmpQI5Gr/zV7cc0jZg0VBCtO1WcGD8jynAq2KTUTTVLCB2RAetYKknEtJ/ NDp6gE6v0URgrW9Kgmfp7IiOR1uMosJ0RMUO96E3F/7xOasJLP+MySQ2TdL 4oTAUyMZp+j/pcMWrE2BJCFbe3IjokilBjMyrZEKqLLy8T78y9cvF9rVKv5 WkU4QiO4RSqcAF1uIMGeEAhgmd4hTdHOS/Ou/Mxby04+cwh/IHz+QNG5Y7n </latexit><latexit sha1_base64="FeS/O7q6 bDXc4fgHRpAa1zH4KF4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB05JK8 eMgFATxWKFrK+1Ssmm2Dc1mlyQrlKW/wosHFa/+HW/+G9N2D9r6YODx3gwz8 4JEcG0w/nYKK6tr6xvFzdLW9s7uXnn/4EHHqaLMo7GIVTsgmgkumWe4Eayd KEaiQLBWMLqZ+q0npjSPZdOME+ZHZCB5yCkxVnpsXmP3HDd7t71yBbt4BrR MqjmpQI5Gr/zV7cc0jZg0VBCtO1WcGD8jynAq2KTUTTVLCB2RAetYKknEtJ/ NDp6gE6v0URgrW9Kgmfp7IiOR1uMosJ0RMUO96E3F/7xOasJLP+MySQ2TdL 4oTAUyMZp+j/pcMWrE2BJCFbe3IjokilBjMyrZEKqLLy8T78y9cvF9rVKv5 WkU4QiO4RSqcAF1uIMGeEAhgmd4hTdHOS/Ou/Mxby04+cwh/IHz+QNG5Y7n </latexit><latexit sha1_base64="FeS/O7q6 bDXc4fgHRpAa1zH4KF4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB05JK8 eMgFATxWKFrK+1Ssmm2Dc1mlyQrlKW/wosHFa/+HW/+G9N2D9r6YODx3gwz8 4JEcG0w/nYKK6tr6xvFzdLW9s7uXnn/4EHHqaLMo7GIVTsgmgkumWe4Eayd KEaiQLBWMLqZ+q0npjSPZdOME+ZHZCB5yCkxVnpsXmP3HDd7t71yBbt4BrR MqjmpQI5Gr/zV7cc0jZg0VBCtO1WcGD8jynAq2KTUTTVLCB2RAetYKknEtJ/ NDp6gE6v0URgrW9Kgmfp7IiOR1uMosJ0RMUO96E3F/7xOasJLP+MySQ2TdL 4oTAUyMZp+j/pcMWrE2BJCFbe3IjokilBjMyrZEKqLLy8T78y9cvF9rVKv5 WkU4QiO4RSqcAF1uIMGeEAhgmd4hTdHOS/Ou/Mxby04+cwh/IHz+QNG5Y7n </latexit>
T = 0.68TF
<latexit sha1_base64="3BJqpC+iymDqjFVfRi7Yhy6MSxw=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IrovUgFATxWKFrK+1Ssmm2DU2yS5IVSumv8OJBxat/x5v/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6xvFzdLW9s7uXnn/ 4EEnmSI0IAlPVCvCmnImaWCY4bSVKopFxGkzGt5M/eYTVZolsmFGKQ0F7ksWM4KNlR4b1557UW10b7vliud6M6Bl4uekAjnq3fJXp5eQTFBpCMdat30vNeEY K8MIp5NSJ9M0xWSI+7RtqcSC6nA8O3iCTqzSQ3GibEmDZurviTEWWo9EZDsFNgO96E3F/7x2ZuJqOGYyzQyVZL4ozjgyCZp+j3pMUWL4yBJMFLO3IjLAChNj MyrZEPzFl5dJcOZeud79eaV2nqdRhCM4hlPw4RJqcAd1CICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QNTFY7v</latexit><latexit sha1_base64="3BJqpC+iymDqjFVfRi7Yhy6MSxw=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IrovUgFATxWKFrK+1Ssmm2DU2yS5IVSumv8OJBxat/x5v/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6xvFzdLW9s7uXnn/ 4EEnmSI0IAlPVCvCmnImaWCY4bSVKopFxGkzGt5M/eYTVZolsmFGKQ0F7ksWM4KNlR4b1557UW10b7vliud6M6Bl4uekAjnq3fJXp5eQTFBpCMdat30vNeEY K8MIp5NSJ9M0xWSI+7RtqcSC6nA8O3iCTqzSQ3GibEmDZurviTEWWo9EZDsFNgO96E3F/7x2ZuJqOGYyzQyVZL4ozjgyCZp+j3pMUWL4yBJMFLO3IjLAChNj MyrZEPzFl5dJcOZeud79eaV2nqdRhCM4hlPw4RJqcAd1CICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QNTFY7v</latexit><latexit sha1_base64="3BJqpC+iymDqjFVfRi7Yhy6MSxw=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB07IrovUgFATxWKFrK+1Ssmm2DU2yS5IVSumv8OJBxat/x5v/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKK6tr6xvFzdLW9s7uXnn/ 4EEnmSI0IAlPVCvCmnImaWCY4bSVKopFxGkzGt5M/eYTVZolsmFGKQ0F7ksWM4KNlR4b1557UW10b7vliud6M6Bl4uekAjnq3fJXp5eQTFBpCMdat30vNeEY K8MIp5NSJ9M0xWSI+7RtqcSC6nA8O3iCTqzSQ3GibEmDZurviTEWWo9EZDsFNgO96E3F/7x2ZuJqOGYyzQyVZL4ozjgyCZp+j3pMUWL4yBJMFLO3IjLAChNj MyrZEPzFl5dJcOZeud79eaV2nqdRhCM4hlPw4RJqcAd1CICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QNTFY7v</latexit>
T = 0.70TF
<latexit sha1_base64="R9ZKj4gGpFdXcoEDuz7g4uSEkck=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB05KVQvUgFATxWKFrK+1Ssmm2Dc1mlyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZeWEquDYYfzuFtfWNza3idmlnd2//oHx4 9KCTTFHm00Qkqh0SzQSXzDfcCNZOFSNxKFgrHN3M/NYTU5onsmnGKQtiMpA84pQYKz02r7Fbw83eba9cwS6eA60SLycVyNHolb+6/YRmMZOGCqJ1x8OpCSZE GU4Fm5a6mWYpoSMyYB1LJYmZDibzg6fozCp9FCXKljRorv6emJBY63Ec2s6YmKFe9mbif14nM9FlMOEyzQyTdLEoygQyCZp9j/pcMWrE2BJCFbe3IjokilBj MyrZELzll1eJf+Feufi+WqlX8zSKcAKncA4e1KAOd9AAHyjE8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwBIbI7o</latexit><latexit sha1_base64="R9ZKj4gGpFdXcoEDuz7g4uSEkck=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB05KVQvUgFATxWKFrK+1Ssmm2Dc1mlyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZeWEquDYYfzuFtfWNza3idmlnd2//oHx4 9KCTTFHm00Qkqh0SzQSXzDfcCNZOFSNxKFgrHN3M/NYTU5onsmnGKQtiMpA84pQYKz02r7Fbw83eba9cwS6eA60SLycVyNHolb+6/YRmMZOGCqJ1x8OpCSZE GU4Fm5a6mWYpoSMyYB1LJYmZDibzg6fozCp9FCXKljRorv6emJBY63Ec2s6YmKFe9mbif14nM9FlMOEyzQyTdLEoygQyCZp9j/pcMWrE2BJCFbe3IjokilBj MyrZELzll1eJf+Feufi+WqlX8zSKcAKncA4e1KAOd9AAHyjE8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwBIbI7o</latexit><latexit sha1_base64="R9ZKj4gGpFdXcoEDuz7g4uSEkck=">AAAB73ic bVBNSwMxEJ2tX7V+VT16CRbB05KVQvUgFATxWKFrK+1Ssmm2Dc1mlyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZeWEquDYYfzuFtfWNza3idmlnd2//oHx4 9KCTTFHm00Qkqh0SzQSXzDfcCNZOFSNxKFgrHN3M/NYTU5onsmnGKQtiMpA84pQYKz02r7Fbw83eba9cwS6eA60SLycVyNHolb+6/YRmMZOGCqJ1x8OpCSZE GU4Fm5a6mWYpoSMyYB1LJYmZDibzg6fozCp9FCXKljRorv6emJBY63Ec2s6YmKFe9mbif14nM9FlMOEyzQyTdLEoygQyCZp9j/pcMWrE2BJCFbe3IjokilBj MyrZELzll1eJf+Feufi+WqlX8zSKcAKncA4e1KAOd9AAHyjE8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwBIbI7o</latexit>
T = 0.80TF
<latexit sha1_b ase64="vttmIgijoXfqLdNIh0XeKJs xGD0=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB05KVgvUgFATxWKFrK+1Ss mm2Dc1mlyQrlNJf4cWDilf/jjf/jWm 7B219MPB4b4aZeWEquDYYfzuFtfWNz a3idmlnd2//oHx49KCTTFHm00Qkqh0 SzQSXzDfcCNZOFSNxKFgrHN3M/NYTU 5onsmnGKQtiMpA84pQYKz02r7Fbw83 eba9cwS6eA60SLycVyNHolb+6/YRmM ZOGCqJ1x8OpCSZEGU4Fm5a6mWYpoSM yYB1LJYmZDibzg6fozCp9FCXKljRor v6emJBY63Ec2s6YmKFe9mbif14nM1E tmHCZZoZJulgUZQKZBM2+R32uGDVib AmhittbER0SRaixGZVsCN7yy6vEv3C vXHxfrdSreRpFOIFTOAcPLqEOd9AAH yjE8Ayv8OYo58V5dz4WrQUnnzmGP3A +fwBJ847p</latexit><latexit sha1_b ase64="vttmIgijoXfqLdNIh0XeKJs xGD0=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB05KVgvUgFATxWKFrK+1Ss mm2Dc1mlyQrlNJf4cWDilf/jjf/jWm 7B219MPB4b4aZeWEquDYYfzuFtfWNz a3idmlnd2//oHx49KCTTFHm00Qkqh0 SzQSXzDfcCNZOFSNxKFgrHN3M/NYTU 5onsmnGKQtiMpA84pQYKz02r7Fbw83 eba9cwS6eA60SLycVyNHolb+6/YRmM ZOGCqJ1x8OpCSZEGU4Fm5a6mWYpoSM yYB1LJYmZDibzg6fozCp9FCXKljRor v6emJBY63Ec2s6YmKFe9mbif14nM1E tmHCZZoZJulgUZQKZBM2+R32uGDVib AmhittbER0SRaixGZVsCN7yy6vEv3C vXHxfrdSreRpFOIFTOAcPLqEOd9AAH yjE8Ayv8OYo58V5dz4WrQUnnzmGP3A +fwBJ847p</latexit><latexit sha1_b ase64="vttmIgijoXfqLdNIh0XeKJs xGD0=">AAAB73icbVBNSwMxEJ2tX7V +VT16CRbB05KVgvUgFATxWKFrK+1Ss mm2Dc1mlyQrlNJf4cWDilf/jjf/jWm 7B219MPB4b4aZeWEquDYYfzuFtfWNz a3idmlnd2//oHx49KCTTFHm00Qkqh0 SzQSXzDfcCNZOFSNxKFgrHN3M/NYTU 5onsmnGKQtiMpA84pQYKz02r7Fbw83 eba9cwS6eA60SLycVyNHolb+6/YRmM ZOGCqJ1x8OpCSZEGU4Fm5a6mWYpoSM yYB1LJYmZDibzg6fozCp9FCXKljRor v6emJBY63Ec2s6YmKFe9mbif14nM1E tmHCZZoZJulgUZQKZBM2+R32uGDVib AmhittbER0SRaixGZVsCN7yy6vEv3C vXHxfrdSreRpFOIFTOAcPLqEOd9AAH yjE8Ayv8OYo58V5dz4WrQUnnzmGP3A +fwBJ847p</latexit>
T = 0.90TF
<latexit sha1_base64="RIykflka vhCNXON6Q+TLm9fFo1o=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB05KVgv YgFATxWKFrK+1Ssmm2Dc1mlyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZeW EquDYYfzuFtfWNza3idmlnd2//oHx49KCTTFHm00Qkqh0SzQSXzDfcCNZOFS NxKFgrHN3M/NYTU5onsmnGKQtiMpA84pQYKz02r7Fbw83eba9cwS6eA60SLy cVyNHolb+6/YRmMZOGCqJ1x8OpCSZEGU4Fm5a6mWYpoSMyYB1LJYmZDibzg6 fozCp9FCXKljRorv6emJBY63Ec2s6YmKFe9mbif14nM9FVMOEyzQyTdLEoyg QyCZp9j/pcMWrE2BJCFbe3IjokilBjMyrZELzll1eJf+HWXHxfrdSreRpFOI FTOAcPLqEOd9AAHyjE8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwBLeo7q</late xit><latexit sha1_base64="RIykflka vhCNXON6Q+TLm9fFo1o=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB05KVgv YgFATxWKFrK+1Ssmm2Dc1mlyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZeW EquDYYfzuFtfWNza3idmlnd2//oHx49KCTTFHm00Qkqh0SzQSXzDfcCNZOFS NxKFgrHN3M/NYTU5onsmnGKQtiMpA84pQYKz02r7Fbw83eba9cwS6eA60SLy cVyNHolb+6/YRmMZOGCqJ1x8OpCSZEGU4Fm5a6mWYpoSMyYB1LJYmZDibzg6 fozCp9FCXKljRorv6emJBY63Ec2s6YmKFe9mbif14nM9FVMOEyzQyTdLEoyg QyCZp9j/pcMWrE2BJCFbe3IjokilBjMyrZELzll1eJf+HWXHxfrdSreRpFOI FTOAcPLqEOd9AAHyjE8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwBLeo7q</late xit><latexit sha1_base64="RIykflka vhCNXON6Q+TLm9fFo1o=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB05KVgv YgFATxWKFrK+1Ssmm2Dc1mlyQrlNJf4cWDilf/jjf/jWm7B219MPB4b4aZeW EquDYYfzuFtfWNza3idmlnd2//oHx49KCTTFHm00Qkqh0SzQSXzDfcCNZOFS NxKFgrHN3M/NYTU5onsmnGKQtiMpA84pQYKz02r7Fbw83eba9cwS6eA60SLy cVyNHolb+6/YRmMZOGCqJ1x8OpCSZEGU4Fm5a6mWYpoSMyYB1LJYmZDibzg6 fozCp9FCXKljRorv6emJBY63Ec2s6YmKFe9mbif14nM9FVMOEyzQyTdLEoyg QyCZp9j/pcMWrE2BJCFbe3IjokilBjMyrZELzll1eJf+HWXHxfrdSreRpFOI FTOAcPLqEOd9AAHyjE8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwBLeo7q</late xit>
T = 1.0TF
<latexit sha1_base64="KhkYI46k8NjX6vYCvuOKoJpErj8=">AAAB7nic bVBNS8NAEJ3Ur1q/qh69LBbBU9iIoB6EgiAeKzS20Iay2W7apZtN3N0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXpgKrg3G305pZXVtfaO8Wdna3tndq+ 4fPOgkU5T5NBGJaodEM8El8w03grVTxUgcCtYKRzdTv/XElOaJbJpxyoKYDCSPOCXGSu3mtefiZu+2V61hF8+AlolXkBoUaPSqX91+QrOYSUMF0brj4dQEO VGGU8EmlW6mWUroiAxYx1JJYqaDfHbvBJ1YpY+iRNmSBs3U3xM5ibUex6HtjIkZ6kVvKv7ndTITXQY5l2lmmKTzRVEmkEnQ9HnU54pRI8aWEKq4vRXRIVG EGhtRxYbgLb68TPwz98rF9+e1+nmRRhmO4BhOwYMLqMMdNMAHCgKe4RXenEfnxXl3PuatJaeYOYQ/cD5/ANAEjqg=</latexit><latexit sha1_base64="KhkYI46k8NjX6vYCvuOKoJpErj8=">AAAB7nic bVBNS8NAEJ3Ur1q/qh69LBbBU9iIoB6EgiAeKzS20Iay2W7apZtN3N0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXpgKrg3G305pZXVtfaO8Wdna3tndq+ 4fPOgkU5T5NBGJaodEM8El8w03grVTxUgcCtYKRzdTv/XElOaJbJpxyoKYDCSPOCXGSu3mtefiZu+2V61hF8+AlolXkBoUaPSqX91+QrOYSUMF0brj4dQEO VGGU8EmlW6mWUroiAxYx1JJYqaDfHbvBJ1YpY+iRNmSBs3U3xM5ibUex6HtjIkZ6kVvKv7ndTITXQY5l2lmmKTzRVEmkEnQ9HnU54pRI8aWEKq4vRXRIVG EGhtRxYbgLb68TPwz98rF9+e1+nmRRhmO4BhOwYMLqMMdNMAHCgKe4RXenEfnxXl3PuatJaeYOYQ/cD5/ANAEjqg=</latexit><latexit sha1_base64="KhkYI46k8NjX6vYCvuOKoJpErj8=">AAAB7nic bVBNS8NAEJ3Ur1q/qh69LBbBU9iIoB6EgiAeKzS20Iay2W7apZtN3N0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXpgKrg3G305pZXVtfaO8Wdna3tndq+ 4fPOgkU5T5NBGJaodEM8El8w03grVTxUgcCtYKRzdTv/XElOaJbJpxyoKYDCSPOCXGSu3mtefiZu+2V61hF8+AlolXkBoUaPSqX91+QrOYSUMF0brj4dQEO VGGU8EmlW6mWUroiAxYx1JJYqaDfHbvBJ1YpY+iRNmSBs3U3xM5ibUex6HtjIkZ6kVvKv7ndTITXQY5l2lmmKTzRVEmkEnQ9HnU54pRI8aWEKq4vRXRIVG EGhtRxYbgLb68TPwz98rF9+e1+nmRRhmO4BhOwYMLqMMdNMAHCgKe4RXenEfnxXl3PuatJaeYOYQ/cD5/ANAEjqg=</latexit>
T = 1.1TF
<latexit sha1_base64="NAt8KqLpo2dlWgtnCtS6f1hv3fc=">AAAB7nic bVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9CQRCPFRpbaEPZbDft0s1u3N0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXpRypo3nfTulldW19Y3yZmVre2d3r7p/ 8KBlpggNiORStSOsKWeCBoYZTtupojiJOG1Fo5up33qiSjMpmmac0jDBA8FiRrCxUrt57bt+s3fbq9Y815sBLRO/IDUo0OhVv7p9SbKECkM41rrje6kJc6wM I5xOKt1M0xSTER7QjqUCJ1SH+ezeCTqxSh/FUtkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Y5E2lmqCDzRXHGkZFo+jzqM0WJ4WNLMFHM3orIECtMjI2o YkPwF19eJsGZe+V69+e1+nmRRhmO4BhOwYcLqMMdNCAAAhye4RXenEfnxXl3PuatJaeYOYQ/cD5/ANGKjqk=</latexit><latexit sha1_base64="NAt8KqLpo2dlWgtnCtS6f1hv3fc=">AAAB7nic bVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9CQRCPFRpbaEPZbDft0s1u3N0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXpRypo3nfTulldW19Y3yZmVre2d3r7p/ 8KBlpggNiORStSOsKWeCBoYZTtupojiJOG1Fo5up33qiSjMpmmac0jDBA8FiRrCxUrt57bt+s3fbq9Y815sBLRO/IDUo0OhVv7p9SbKECkM41rrje6kJc6wM I5xOKt1M0xSTER7QjqUCJ1SH+ezeCTqxSh/FUtkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Y5E2lmqCDzRXHGkZFo+jzqM0WJ4WNLMFHM3orIECtMjI2o YkPwF19eJsGZe+V69+e1+nmRRhmO4BhOwYcLqMMdNCAAAhye4RXenEfnxXl3PuatJaeYOYQ/cD5/ANGKjqk=</latexit><latexit sha1_base64="NAt8KqLpo2dlWgtnCtS6f1hv3fc=">AAAB7nic bVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9CQRCPFRpbaEPZbDft0s1u3N0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXpRypo3nfTulldW19Y3yZmVre2d3r7p/ 8KBlpggNiORStSOsKWeCBoYZTtupojiJOG1Fo5up33qiSjMpmmac0jDBA8FiRrCxUrt57bt+s3fbq9Y815sBLRO/IDUo0OhVv7p9SbKECkM41rrje6kJc6wM I5xOKt1M0xSTER7QjqUCJ1SH+ezeCTqxSh/FUtkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Y5E2lmqCDzRXHGkZFo+jzqM0WJ4WNLMFHM3orIECtMjI2o YkPwF19eJsGZe+V69+e1+nmRRhmO4BhOwYcLqMMdNCAAAhye4RXenEfnxXl3PuatJaeYOYQ/cD5/ANGKjqk=</latexit>
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FIG. 9. Comparison between theoretical results and experimental data (black dots) for the particle number N(t). The
theoretical results are obtained using the decay rates (red bands) Γ
th
0 and the revised decay rates (blue bands) Γ
th,P
0 =
Γ
th
0 × (ΓP /Γ0) respectively, where the ratio ΓP /Γ0 is calculated assuming α = 8× 10−20m3.
